Conditioning of shrivelled soybean seeds by Risse, Jorge Henrique Lague
Retrospective Theses and Dissertations Iowa State University Capstones, Theses andDissertations
1990
Conditioning of shrivelled soybean seeds
Jorge Henrique Lague Risse
Iowa State University
Follow this and additional works at: https://lib.dr.iastate.edu/rtd
Part of the Agriculture Commons, and the Agronomy and Crop Sciences Commons
This Thesis is brought to you for free and open access by the Iowa State University Capstones, Theses and Dissertations at Iowa State University Digital
Repository. It has been accepted for inclusion in Retrospective Theses and Dissertations by an authorized administrator of Iowa State University Digital
Repository. For more information, please contact digirep@iastate.edu.
Recommended Citation
Risse, Jorge Henrique Lague, "Conditioning of shrivelled soybean seeds" (1990). Retrospective Theses and Dissertations. 16362.
https://lib.dr.iastate.edu/rtd/16362
Conditioning of shrivelled soybean seeds
by
Jorge Henrique Lague Risse
A Thesis Submitted to the
Graduate College in Partial Fulfillment of the
Requirements for the Degree of
KASTER OF SCIENCE
Major: Agricultural Engineering
Signatures have been redacted for privacy
Iowa State University
Ames, Iowa
1990
ii
TABLE OF CONTENTS
ABSTRACT 1
INTRODUCTION AND OBJECTIVES 3
LITERATURE REVIEW 4
Seed Conditioning 4
Effectiveness of Seed Conditioning 7
Physical and Physiological Properties
Related with Seed Quality 10
MATERIAL AND METHODS 24
Seed Source 24
Experimental Procedure 24
Sampling Procedure 29
Conditioning Equipment Adjustments 30
Laboratory Evaluation 37
Field Study 39
Statistical Analysis 39
RESULTS AND DISCUSSION 41
Effect Due to Conditioning 41
Overall Correlations Between Physical
and Physiological Properties 58
Optimization of Conditioning Equipment 63
SUMMARY AND CONCLUSIONS 81
LITERATURE CITED 83
ACKNOWLEDGEMENTS 90
iii
APPENDIX A: TABLES FOR "ANALYSIS OF VARIANCE" 91
APPENDIX B: DATA SET 94
1ABSTRACT
Experiments were conducted to evaluate effectiveness of
conditioning machines in removing shrivelled seeds from
soybean seed lots, and to determine changes in seed quality
during conditioning. Five shrivelled soybean seed lots were
conditioned through an air-screen cleaner, spiral separator,
and gravity table. The effects of seed conditioning were
determined by laboratory evaluations and field planting of
samples collected at different stages in conditioning. The
samples were evaluated for percent of shrivelled seeds, bulk
density, seed weight, seed volume, kernel density, terminal
velocity, warm germination, cold test, stress test, protein
content, oil content, and yield.
The sequence of an air-screen cleaner, spiral
separator, and gravity table was successful in removing
shrivelled seeds from soybean seed lots. However, the total
amount of discard ranged from 24.6 to 65.3%. The greater
amounts of discard were found in seed lots with higher
percentages of shrivelled seeds initially.
The air-screen cleaner was able to improve weight,
volume, and physiological properties of seeds by removing
almost 50% of shrivelled and non-viable seeds. The spiral
separator was effective in removing a number of remaining
shrivelled seeds. The fractions sorted by the gravity table
differed in weight, size, and bulk density. Seeds after
2conditioning were heavier, bigger, and more uniform in
appearance.
Correlations of shrivelled seeds with warm germination,
cold test, stress test, oil content, and yield presented a
negative trend. Bulk density was positively related with
viability (warm germination), and vigor (cold test and
stress test). Seed weight and seed volume were found to be
positively associated with warm germination, seed vigor, and
yield.
Because of the large amount of discard during
conditioning and due to the fact that shrivelled seeds do
not flow well, plug-ups occurred at several places including
in gravity spouts and spiral separators.
3INTRODUCTION AND OBJECTIVES
A recent study by Taylor (1989) ranked the 1988 drought
in the American midwest as the fourth most devastating in
terms of yield within the last one hundred years. South
American countries such as Brazil, Argentina, and Uruguay
have faced great production losses due to a combination of
low precipitation levels and high temperatures. Besides
yield reductions, large percentages of shrivelled seeds have
been produced.
Conditioning the shrivelled soybean seed lots of the
1988 production year presented a challenge to the seed
conditioners. Large numbers of seeds needed to be rejected
to improve the quality of the clean seed. In addition, the
capacity of operation needed to be reduced to obtain an
acceptable appearance of the final product.
The specific objectives of this study were:
1. To determine the effectiveness of cleaning and upgrading
equipment in removing shrivelled seeds from soybean seed
lots.
2. To determine changes in physical and physiological seed
properties at various stages in conditioning.
4LITERATURE REVIEW
Seed Conditioning
Seeds, after being harvested, are conditioned to
upgrade their quality by removal of contaminants and damaged
or deteriorated seeds to reach high market standards.
Conditioning machines exploit differences in physical
properties between desirable seed and contcuninants. The
most important physical differences are size, shape, and
density (Thomson, 1979). Other characteristics that can be
utilized in seed conditioning are surface texture, color,
electrical conductivity, resilience, and affinity for
liquids.
Harmond et al. (1968) stated that "the choice of
machines in a conditioning line depends primarily on the
seed being cleaned, the quantity of weed seeds and other
contaminants in the mixture, and purity requirements that
must be met."
Seed conditioning can be broadly divided into two major
operations: 1. Basic cleaning and 2. Seed upgrading.
Basic cleaning
In general, the purpose of this operation is to
facilitate handling and permit proper operation for
subsequent upgrading operations.
The cleaning operation is performed by an air-screen
5cleaner machine equipped with air blast and vibrating
screens. Three types of material can be removed by
commercial air-screen cleaners: fine particles that pass
through a specified screen size; large material that remains
over a screen that allows grain to pass; and light, low
density material that can be a combination of fines, large
pieces and lighter kernels (Hurburgh, 1988) .
Seed upgrading .
The basic cleaning process removes all the adulterants
that can be separated by a simple combination of air blast
and screens, and for many lots this is sufficient (Thomson,
1979) . In some cases, however, the physical properties of
adulterants are too close to the desirable seed to allow
separation. For such cases, other machines which perform
precise separations by a specific physical characteristic
such as density are necessary. These upgrading machines
have been studied, in depth, by Harmond et al. (1968), Gregg
et al. (1970), Brandenburg (1977), Thomson (1979), and
others. In this review the discussion will be limited to
the conditioning machines that are appropriate for this
project. Flattened or shrivelled seeds may be removed from
round seeds by a spiral separator. The mixture is fed at
the top of the spiral separator, and rolls down under the
influence of gravity. Round seeds attain greater velocity
during the travel to the point, due to the centrifugal
6force, where they fall over the edge of the spirals.
Flatten, shrivelled, and irregularly shaped seeds do not
assume enough velocity to roll over the spirals, maintaining
their trajectory inside the flights and get discharged in a
separate spout than the round seeds.
Gravity separation is a process that utilizes a
fluidized bed for sorting granular materials (Gaul et al.
1986). According to Feller et al. (1978), "a bed of
particles reaches a fluidized condition when a gas flowing
upward through the interstices of the bed disengages the
particles from each other. It is reached when the gas flow
supports the weight of the particles. As a result, the
particles can move easily and the bed resembles a liquid of
high viscosity."
Brandenburg (1977) described gravity separation as a
two-step process. First, the seed mixture is stratified
into horizontal layers of different specific gravities.
These layers then slide apart and are discharged separately.
As the seed mixture travels from the feed point to the
discharge edge of the deck, a continuous gradation of
particles take place ranging from light seeds at the lower
side of the deck to heavy seeds at the upper side.
Harmond et al. (1968) defines three basic rules that
apply to gravity separation. First, particles of the same
size but different specific gravities can be separated.
7Second, different size particles of the same density can be
separated. Third, a mixture of particles of different sizes
and densities cannot be separated.
Effectiveness of Seed Conditioning
Several authors have reported on the effectiveness of
seed conditioning in improving the physical and
physiological properties of a variety of crops.
Baudet (1987) investigated five sizes of seed corn
conditioned through two types of gravity tables (pressure
and suction types). The gravity separation of seed lots
with high initial quality was less effective compared with
seed lots with lower initial quality. The gravity table was
efficient in separating different fractions (heavy, heavy
medium, light medium, and light) of seed corn along the
discharge edge. The fractions closer to the high side were
heavier, bigger, and with better physiological
characteristics than the fractions closer to the low side.
In addition, heavier fraction of seed presented higher
physical and physiological quality compared to the ungraded
seed lot.
The light seeds discharged at the low side of the deck
were about 7% of the total material fed into the machine.
The light fraction had the lowest bulk density, was more
brittle, mechanically damaged, poorer in physiological
8quality (standard germination, cold test, conductivity, and
field emergence), and did not meet the requirements for seed
purposes.
Assman (1983) studied four soybean seed lots with three
different vigor levels (high, medium, and low) conditioned
through an air-screen cleaner, spiral separator, and gravity
table. The gravity table tended to concentrate seed of high
specific gravity toward the heavier seed discharge and seed
of lower specific gravity at the lighter seed discharge.
The author pointed out that the separation was only a matter
of concentration rather than a precise separation. The
lightest discharge also contained a greater percentage of
weathered, stink bug damaged, mechanically damaged, and dead
seed, all which contributed to a decrease in viability and
vigor. Seeds of intermediate categories, i.e., between
heavy and light fractions, were generally of equivalent
quality to samples taken prior to grading. Significantly
large quantities of low quality seed were concentrated in
scunples of the lightest seed. The gravity separation was
useful in upgrading medium and low vigor seed lots.
However, there was little advantage to gravity separation of
high vigor lots.
In an experiment with gravity separation of soybean
seeds, Gaul et al. (1986) reported that the light fraction
of seeds at the lowest side of the discharge edge of the
9gravity table was lower in bulk density,and were more
brittle than the remaining seed fractions. However, no
significant differences in specific gravity among the
various fractions were found. They attributed this to high
correlation between seed weight and seed volume.
Misra (1983) used an air-screen cleaner, spiral
separator, and gravity table successfully to separate
shrivelled black nightshade berries from soybean seed lots.
At the end of two weeks of storage, the berries dried down
and were shrivelled enough to be cleaned out. The air-
screen cleaner removed over 95% of the shrivelled nightshade
berries. For seeding purposes, the remaining seed lot was
conditioned through the spiral separator and gravity table.
The use of an aspirator was attempted after the spiral
separator, but did not provide any appreciable improvement.
The gravity table, used as the final cleaning operation, was
successful in meeting the purity level for seed purposes.
Karim (1980) compared the effectiveness and precision
of an electrostatic separator, aspirator, and gravity
separator in improving the quality of wheat seed. He
reported that all machines separated wheat seed lots into
fractions differing in germination, vigor, incidence of
damaged seeds, purity, and test weight. On the average,
machines produced comparable results for germination,
purity, and test weight. However, the highest vigor
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differences were obtained by the gravity table. Regardless
of the machine or seed lots the smaller seeds were more
highly concentrated into the lightest weight class. Larger
seeds were more highly concentrated in the heaviest weight
class. However, some seeds of all sizes were contained in
each class.
Misra et al. (1985) conducted an experiment to
determine the change in soybean seed quality at various
steps in conditioning. The air-screen cleaner improved
germination percentage by 0.8%, and also removed practically
all impurities present in the seed lots. The spiral
separator did not improve germination significantly, but was
effective in removing shrivelled seeds. The gravity table
removed splits, and also improved the germination percentage
of the seed lot.
Physical and Physiological Properties
Related with Seed Quality
Physical properties are related to dimensional and
structural characteristics of the seed such as weight,
volume, density, teinninal velocity, and surface texture.
The characteristics that would be related to cellular
metabolism are physiological properties of the seed. Both,
physical and physiological properties, are significantly
influenced by the environment (McDonald, 1985) .
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Shrivelled seeds
Environmental stress such as high temperature and low
moisture during seed filling reduces seed production and
seed quality. In a field study, Green et al. (1965) found
that more than 50% wrinkled, shrivelled, and green soybeans
were produced more frequently in earlier planting dates when
high temperatures were present. Seed lots which contained a
larger number of severely shrivelled seed had lower
laboratory germination and field emergence percentages.
In a conditioning plant, shrivelled seeds reduce
operation capacity and require precise machine selection and
adjustments to be efficiently removed. Londgen et al.
(1974) reported that attempts to remove shrivelled seeds
from sugar-beet using vibrating screens, air columns, and
rubber rolls were unsuccessful.
Honneycut et al. (1989) found soybean seed oil
concentrations lower in shrivelled seeds than in normal
soybean seeds. Protein percentages, however, were not
affected by differences in phenotypes.
Seed weight, seed size, and seed densitv
In many crops, seed germination, seedling vigor, and
other important traits in establishing high quality seeds
have been associated with seed weight.
The weight of soybeans, cucumbers, and tomatoes was
correlated with vegetative growth by Oexemann (1942). A
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positive correlation, for all species, was found between
seed weight and number, size, dry weight, and cross-
sectional dimensions of the various organs of the plants at
the flowering stage of the growth cycle. The author pointed
out that, at the stage of maturity, plants from lighter
seeds recovered initial disadvantage in growth rate. Higher
mortality was observed among plants from light seeds over
heavy ones. It may be due to differences in plant vigor and
disease susceptibility. Discrete positive correlation was
noted between seed weight and seed yield.
Perenzin et al. (1980) found seed weight positively
associated with length and rate of grain filling. Improved
corn hybrids for grain yield were associated with an
extension of the grain filling period and delayed maturity
(Fakorede and Mock, 1978).
According to Christie and Kalton (1960), heavy
bromegrass seeds presented higher fertility and larger yield
than did plants from light seeds. Similar results were
reported by Schmidt (1924).
Spilde (1989) studied the effects of seed size and
weight of barley and hard red spring wheat on market traits.
Seeds were separated by size and weight through a precision
grader and a gravity table, respectively. In both seed
cultivars, barley and wheat, seed size was found correlated
with yield, whereas, seed weight did not present a similar
13
trend. Larger and heavier seeds had less moisture content
than smaller and light seeds. The author refers it as an
advantage since drying costs maybe reduced. Protein content
was not significantly associated with neither seed size nor
seed weight.
An early study by Snyder (1905) presented chemical
composition percentages of wheat, oats, and barley related
with seed weight. Heavier wheat grains had larger
percentages of nitrogen, phosphoric acid, and potash
percentages than light grains. Similar results were found
for oats and barley.
Perenzin et al, (1980) found that an increase in the
weight of corn seed is associated with a decrease in the
protein percentage. The delay of the black-layer formation
contributed to higher grain moisture content at
physiological maturity which may have caused reduction in
grain protein content.
The literature concerning the effects of seed size on
growth and other aspects of many crops, is extensive. Many
investigators (Burris et al., 1971; Singh and Makne, 1985;
Black, 1957) have reported a positive correlation between
seed size and seedling vigor and yield. Other studies
(Singh et al., 1972; Johnson and Luedders, 1974), however,
presented a lack of correlation between seed size and
seedling performance.
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Burris et al. (1973), in an experiment with four
soybean varieties, examined the effects of seed size on
seedling performance. The largest sizes of three soybean
varieties were superior in emergence percentage when planted
at 10 centimeters depth. Cotyledonary and unifoliolate
areas were positively associated with seed size. Plants of
larger seeds were found with lower photosynthetic rates. It
maybe due to a high overall energy pool present in the
larger, thicker cotyledons of the larger seed sizes. In
field studies, larger seed sizes produced greater emergence
percentages, higher plants, and larger leaf area. Yield of
the three largest sizes were greater than the smallest seed
size when grown in a uniform population.
Studies conducted by Smith and Camper (1975) reported
the effects between seed size and yield. Four size classes
(large, small, large-small, and ungraded) were planted in
the field. Large seeds yielded small seeds by 5.4% in all
ten experiments, large-small by 4.7% in eight experiments,
and ungraded by 3.3% in four experiments. Similarly, Fontes
and Ohlrogge (1972) reported better yields of heavier seeds
grown at both uniform and bulk populations. In addition,
they reported that plants of larger seeds had more pods and
branches per plant, and a smaller number of barren plants.
According to Abo El-Zahab and Zahran (1976), large
soybean seeds presented more dry matter accumulation, larger
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growth rate, and bigger leaf area index, over medium, small,
and ungraded seeds. Large seeds also produced more grain
yield per plant and per plot over small seeds,
Aponte-Carmona (1978), in a study conducted in
greenhouse, found no correlation between soybean seed size
and protein concentration and emergence percentage and leaf
appearance. However, seed size was correlated with seedling
growth in terms of plant height, leaf area, and seedling dry
weight.
Gelmond (1972) studied the effects of seed size on
seedling performance of cotton. Germination percentages
were negligible between large and small cotton seeds. Field
experiments indicated significant differences in favor of
larger seeds. Plants grown from large seeds had greater
leaf area, higher dry weight of shoot and roots than plants
from small seeds.
Studies conducted by Singh and Makne (1985) correlated
seed size in sorghum (Sorghum bicolor) and seedling
performance. Sorghum seeds were sorted through 2.7, 3.0,
3.5, and 4.0 mm round whole screens. The 3.5 mm grade size,
followed by 3.0 and 4.0 mm, had greater overall performance
in germination percentage, shoot length, volume, fresh
weight, and dry weight than 2.7 mm grade size.
Despite several studies reporting positive correlations
between seed size and seedling vigor and yield of many
16
crops, other studies showed non-existent effects between
seed size and seed performance.
According to Singh et al. (1972) seed size did not
affect the germination of three soybean cultivars (*Clark
63', *Bragg', and 'Harosoy') in laboratory and in the field.
Larger seeds produced heavier plants at all growing stages.
Similar results were reported for plant height. However,
seed size was poorly correlated with number of nodes, number
of branches, number of pods, yield, and seed weight.
Johnson and Luedders (1974) also found a lack of
correlation between seed size, emergence percentage, and
yield for soybeans. Density is defined as the ratio of the
weight to volume of a particle. Specific gravity is the
ratio of the weight of a given volume of a substance to that
of an equal volume of another substance used as standard
(Fehr et al,, 1968).
Hoy and Gamble (1987) reported the effects of seed
density on field performance of 18 soybean seed lots divided
into two density classes, low and high density seeds. Large
and low density seeds had the lowest emergence percentage
and speed of germination. Density effects were greater when
seeds were subjected to greater field stresses of low
temperature and wet or compacted soils. High density seeds
had larger yields than low density seeds in later planting
dates. Lawan et al. (1985) studied populations of seed
17
pearl millet divided into size and density fractions by a
dockage screen tester and a gravity table, respectively.
Low density and small seeds had lower field emergence than
high density and large seeds, 40% and 62%, respectively.
Number of days from seeding to anthesis was negatively
related to both seed density and seed size. In addition,
germination percentage, speed of germination, seedling
height 24 days after seeding, and proportion of vitreous
starch in seed endosperm were positively related to seed
density.
Gregg (1969) graded nineteen seed lots of cotton on a
gravity separator. The gravity separator sorted cotton
seeds in fractions differing in volume and total weight,
resulting in differences in bulk density. Laboratory tests
indicating viability and vigor such as germination, cold
test, and accelerated aging test, showed significant
positive correlation with bulk density. In addition,
mechanical damage was found to be high on seed lots with low
bulk density. Field studies showed seedling height and dry
weight of radicle-hypocotyl and cotyledon leaves, seven days
after planting, increased with increasing in bulk density.
Hoy and Gamble (1985) found lowest laboratory
germination percentages for low density soybean seeds.
Similar results were reported for vegetable seeds such as
lettuce, tomato, onion (Hill et al., 1989), and sorghum
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(Maranville and Clegg, 1977) . The data supported the
conclusion that a higher percentage of viable seeds could be
selected from seed lots with low initial germinability by
using specific gravity separations.
Peterson et al. (1986), investigating relationships of
wheat seed according to density and protein content, found a
negative linear correlation between seed density and protein
content. A quadratic relationship between seed density and
seed weight indicated that wheat seeds with lower and higher
densities were lighter than intermediate densities. Soybean
seeds of extremely high and low seed densities presented
similar results (Hoy and Gamble, 1985).
Leffler and Williams (1983) evaluated the influence of
seed density on germination and seedling growth of cotton
seeds. Maximum germination percentages and seedling growth
were attained by seeds of initial density, ranging from 1.04
to 1.06 g/cm^, decreasing slightly beyond 1.06 g/cm'.
Higher density classes presented lower weight and smaller
size than remaining density classes. The oil content
increased with an increase in density. The oil and protein
content ratio follow similar pattern as germination and
seedling growth, increased through a seed density of 1.06
g/cm^, then decreased slightly.
Fehr and Weber (1968) found that soybean seeds with
high density and large size had higher protein content than
19
oil. Specific gravity may have a closer correlation with
oil than protein percentage in soybean seed. Selection of
large and high specific gravity seeds results in high
protein and low oil content, while selection of small and
low specific gravity seeds tends to result in high oil and
low protein content.
Flores et al. (1985) studied two sorghum populations
according to seed density and starch gel consistency. They
found a negative relationship between seed density and
lysine percentages. There were no relationships between
seed density and protein content. High density seed classes
had larger percentages of oil content and phosphorus
percentage, as well as gross energy. One sorghum population
presented significant positive correlation between seed
density and yield, and 100-seed weight.
Terminal velocity
Terminal velocity is defined as the maximum velocity a
seed will attain in free fall through still air (Harmond et
al., 1968). Terminal velocity is associated with size,
shape, density, and surface texture (Harmond et al., 1965).
Hawk et al. (1966) reported that terminal velocity was
highly correlated with seed weight. Smittle et al. (1976),
working with snap beans, also found seed weight the closest
physical characteristic associated with terminal velocity.
Germination percentage was not affected by differences in
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seed terminal velocity. Field studies showed that plants of
lower terminal velocity seeds were more affected with root
rot caused by Rhizoctonia Solani Kuhen than plants of higher
terminal velocity seeds. At harvest, plant stands of heavy
seeds suppressed plants of light seeds by 12%. Plants of
heavy seeds were more resistant to pathogen pressures
resulting lower mortality rates. Plants of light seeds
produced bigger seeds but smaller populations per plant
which decreased yield compared to heavy seeded plants.
Cundiff and Williamson (1976) sorted tobacco seeds
through an air column. Seeds lifted at lower air velocities
(2.77 to 3.31 m/s) did not reach 80% emergence standards.
Kunze et al. (1969) reported aerodynamic separations in
cotton seeds. Higher density seeds had greater germination
and field emergence percentages.
Smith et al. (1973) reported lettuce seeds separated
through an air column to be more vigorous than seeds sorted
by vibrating screens.
Chemical composition
Soybeans are an important source of protein and oil.
Commercially grown soybeans in the U.S. have approximately
40.5% protein and 21.0% oil on a dry weight basis (Hartwig,
1979). However there is a fluctuation of approximately 15%
in percentage protein among lines.
Percentage protein and percentage oil of soybean seeds
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have been reported to be inversely correlated among soybean
cultivars. According to Burton (1984) most of the these
correlations had absolute values greater than 0.50.
However, in one population, the genetic correlation between
protein and oil was only -0.15 (Simpson and Wilcox, 1983).
Seed density and specific gravity have been associated
with protein and oil content by several investigators
(Nitta, 1952; Fehr at al., 1968; Hartwig and Collins, 1962).
Fehr et al. (1968) studied direct and indirect methods
to evaluate protein and oil percentages in soybeans- The
Kjeldahl method was found to be superior for direct protein
measurements, and nuclear magnetic resonance was superior to
solvent extraction for oil determinations. Seed density and
specific gravity were considered effective indirect methods
of oil analysis, and slightly poorer in protein measurement.
Smith and Weber (1968) studied the effects of two
cycles of mass selection by specific gravity in soybeans.
At the end of the first cycle, populations of high specific
gravity presented higher mean protein and lower mean oil
content than the control populations. Low specific gravity
populations were above average in oil and below average in
protein content. The effects of the second cycle varied
among and within populations. Therefore, improvements in
protein and oil were more effective in the first cycle.
Studies conducted by Hartwig and Collins (1962) showed
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that seed density separation could be used to improve
protein or oil content in soybeans. They used a series of
glycerol-water solutions with increasing specific gravities
in order to obtain seed stratification. Populations of
seeds with high specific gravities also had higher protein
contents, whereas low specific gravity seeds were higher in
oil content.
Generally, protein content has been negatively
associated with yield in soybeans (Johnson et al., 1955;
Kwon and Torrie, 1964). However, other studies (Byth et
al., 1969; Simpson and Wilcox, 1983) present considerable
variation between protein content and yield in soybeans.
Many other seed quality traits have been associated
with protein or oil content percentages. Baudet (1987)
reported positive relationship among protein content, seed
weight, and seed size in corn. Large seeds were correlated
with high protein and low oil in soybeans by Fehr and Weber
(1968). Conversely, Weber (1950) reported large seeds to be
associated with oil content and low protein among lines from
an interspecific cross.
According to Burton (1984), inconclusive results have
been reported between percent protein and plant height,
lodging, and time to flowering.
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Seed viability, and seed vigor
Seed germination is defined as the emergence and
development of those essential structures from the seed
embryo that are needed to produce a normal plant under
favorable conditions (AOSA, 1986).
Presently, the standard germination test has been
widely accepted to reflect seed viability. Standard
procedures for conducting germination tests of soybeans are
included in the Rules for Testing Seeds (AOSA, 1986)•
Seed vigor, however, has been an area of major debate.
Several investigators (McDonald, 1975; Edje and Burris,
1970; Tekrony et al., 1980) have studied seed vigor and
vigor tests.
Delouche and Caldwel (1960) suggested the definition of
vigor as "the sum of all attributes which favor rapid and
uniform stand establishment in the field."
Seed vigor is a function of the degree of deterioration
which begins early, probably as soon as the seed reaches
physiological maturity (Assman, 1983). Vigor also may be
affected during harvesting, conditioning, storage, and
transportat ion.
24
MATERIAL AND METHODS
Seed Source
Five uncleaned seed lots of soybeans were obtained from
commercial sources in the state of Iowa for use in this
study. Table 1 shows some of the initial characteristics of
each seed lot.
The soybean seeds were conditioned through a Model H-
434A Crippen air-screen cleaner, an AMOS (AG-Machinery &
Safety, Inc.) Model No. 100 spiral separator, and an Oliver
Model 50 gravity table equipped with 10-mesh wire screen
deck (Figure 1).
Experimental Procedure
Each seed lot was divided into two sublets. The
sublets were conditioned separately through the flow line
represented in Figure 1.
Soybean seeds were first conveyed by a Hance Model
llOGH bucket elevator to the cleaner bin and were passed
through the air-screen cleaner (Figure 2). Good soybean
seeds from the air-screen cleaner were conveyed by a Mitchel
gentle bucket elevator and were passed through the spiral
separator. The remaining good seeds from the spiral
separator were transported to the gravity bin, by inclined
steel pipes, and finally sorted into three fractions by the
gravity table.
Table 1. Initial quality properties of each soybean
seed lot®
Seed
lot
Moisture
content
(%)
Shrivel.
seeds
(%)
Bulk
density
(K/m^)
Weight
(g/100
seeds)
Volume
(cmVlOO
seeds)
1 10.1 38a 717,0c 12.02bc 9.66c
2 11.2 29ab 723.9bc 11.18c 9.32c
3 9.7 16bc 754.9a 16.17a 13.23a
4 10.0 16bc 723.4bc 12.71b 10.74b
5 9.2 5c 724.2b 15.58a 12.82a
LSD 15.00 7.32 1.07 1.06
®Means followed by the same letter in a column
are not statistically different (p <0.05) according
to the T-test.
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Terminal Kernel Warm Cold
velocity density germ. test
(m/s) (g/cm3) (%) {%)
8.86bc
8.67c
9.07ab
8.59c
9.34a
0.420
1.24a
1.20a
1.22a
1.18a
1.21a
0.42
76a
54b
74a
74a
75a
14.41
46ab
35b
52a
20c
56a
14.06
Stress
test Yield 1 Yield 2
(%) (ton/ha) (ton/ha)
80a
54c
81a
62b
77a
7.5
1.76ab
1,37b
1.54ab
1.56ab
2.13a
0.664
2.07a
2*28a
2.77a
2.36a
2.38a
0.895
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INITIAL
AIR-SCREEN CLEANER
SPIRAL SEPARATOR
GRAVITY TABLE
FINAL
Figure 1. Experimental conditioning flow line
INITIAL #1
CLIANER
iiN
VcLEflNER
#2,3.
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gravity
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GRAVITY
SEPARATOR
• n
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Figure 2. Conditioning equipment sequence and
sample collection points.
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Sampling Procedure
Samples were collected initially and after each
conditioning operation, as well as at the discard sections
of each machine as shown in Figure 2. The sample collection
points were: Initial(I), screening that passed through the
first sifting screen(CSl) of the air-screen cleaner,
screening that passed through the second sifting screen(CS2)
of the air-screen cleaner, bottom air lifting(CL) of the
air-screen cleaner, good seeds after the air-screen
cleaner(AC), discard from the spiral separator(SD), and
three fractions of the gravity table - gravity discard(GD),
gravity middle(GM), and final(F). Samples of good seeds
from the spiral separator were not collected due to
restricted access to the location.
Each sample of approximately 1 K was taken by placing a
container several times across the stream flow.
Sub-samples of each sample were used for laboratory
evaluation and field study and the remaining portion was
stored at the seed conditioning laboratory in the Seed
Science Center of the Iowa State University. Impurities
were determined by weighing the portion of the sub-sample
that went through a 3,97x19.05 mm (10/64x3/4 in) slot hand
screen. Any particle that went through that was over half a
soybean was returned to the pure seed portion. The purity
percentages at different steps in conditioning for each seed
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lot are presented in Table 2. The physiological quality
parameters included in this study were multiplied by the
corresponding purity percentages.
Conditioning Equipment Adjustments
Preliminary tests were conducted using a few bags of
soybeans to determine optimum adjustments of conditioning
equipment for each seed lot. Seeds were recycled through
each machine until the most appropriate adjustments were
obtained. The seeds used during the preliminary tests were
discarded and not utilized subsequently in the experiment.
Air-screen cleaner
Screen size; The five screen sizes of the air-screen
cleaner were selected following the method of screen
selection developed at the Seed Science Center of the Iowa
State University. Samples of 500-g of each seed lot were
collected and separately hand screened for approximately 30
seconds through a set of round hole sieve sizes (9.52, 8.73,
8.33, 7.94, 7.54, 7.14, 6.75, 6,35, 5.95, 5.56, and 5.40 mm)
with a bottom pan. The "overs" were weighed, visually
examined, and recorded. The same 500 gram sample was mixed
and passed through a set of oblong hole sieves (from 4.76,
4.37, 3.97, 3.57, 3.18, 2.78 to 2.38x19.05 mm) following a
procedure similar to that described for the round hole
sieves. The percentage of "overs" and "thrus" were
31
Table 2. Purity percentage for each seed lot at
different steps in conditioning
Condition,
steps 1 2
Seed lot
3 4 5
I 95.8 93.5 98.9 96,5 95.0
CSl 48.0 58.0 32.4 50.3 9.5
CS2 98.1 67.5 91.7 94.5 91.6
CL 97.7 68.8 90.9 89.1 63.1
AC 99.4 98.9 99.7 99.5 99.6
SD 99.5 90.3 96.1 95.3 92.7
GD 98.3 94.2 98.9 98.9 97.6
GH 99.9 98.8 100.0 99.8 99.7
F 99.9 99.7 100.0 100.0 99.8
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calculated and optimum screen sizes were selected for each
seed lot from this information.
Feed rate: This adjustment controls the amount of seed
fed into the machine over time. Feed rate is regulated
electronically by a control button that changes the speed of
the feed-roll, installed at the bottom of the feed hopper.
Upper air and lower air: Both air separations were
adjusted by a crank that is connected to a gate fan outlet.
The upper air' is adjusted to blow out light contaminants and
dust. The lower air is regulated to a higher air flow in
order to remove heavy inert material and some shrivelled
seeds.
Eccentric speed; The oscillation of the screens were
controlled by adjusting the variable-pulley, on the drive
shaft.
Pitch; A knob located at the discharge side of the
machine controls the slope in which the screens operate.
The change in pitch affects machine capacity and efficiency
of cleaning.
Spiral separator
Feed rate; The amount of seed fed into the spiral
separator is controlled by a slide-gate placed at the feed
hopper.
Plastic fingers; Adjustable plastic fingers were
placed in each flight in order to block the seeds to fly out
33
from the spirals.
Slide-gate: At the end of the flights a screw-type
slide-gate is placed in order to maintain seeds traveling
inside the flights and to be discharged at the discard
spout.
Gravity table
Feed rate: A threaded bolt at the feed hopper
regulates the feed rate in the gravity table.
Air: Four knobs located at the side of the machine
control the air flow that pass through the deck. Each knob
controls one section of the deck area allowing independent
air flow settings.
Eccentric speed: The vibration of the deck tends to
move heavy seeds forward and uphill, and light seeds forward
and downhill. This adjustment is regulated by a knob placed
in the bottom part of the gravity table.
End slope and side slope: The tilt from the feed
hopper to the discharge end is the end slope, and the side
slope is the angle from the low side to the high side of the
discharge end. Those regulations are located at the back
portion of the gravity table.
Tables 3, 4, and 5 list the final machine adjustments
adopted for each seed lot.
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Table 4. Spiral separator final adjustments for each
seed lot
Feed rate Finger Slide-
Seed lot (ton/h) 12 3 4 gate
1 0.12 in in in in in
2 0,13 out out out in in
3 0.17 out out out out out
4 0.14 in in in in in
5 0.26 out out out out out
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Laboratory Evaluation
Shrivelled seeds
Four sub-samples of 100 seeds were visually examined
and recorded for shrivelled seed percentage, then averaged
to obtain the shrivelled seed percentage of the sample.
Bulk density
Two sub-samples from each sample were measured by the
ratio of weight to volume using the standard test weight
apparatus and following the procedure described in the
U.S.D.A. Grain Inspection Handbook (USDA, 1980). Results of
two replications were averaged and recorded as the sample
Weight
Weight of 100 seeds was obtained from weight of four
sub-samples in a Mettler PE 160 scale to the nearest O.OOlg.
The average of the four measurements were recorded as the
weight of 100 seeds in grams.
Volume
Averaged seed volume results were obtained from four
sub-samples of 8 seeds measured on a stereo pycnometer using
helium gas (Quantachrome Corporation, 1985).
Kernel density
The four sub-samples used for volume determinations
were weighed and divided by their respective volumes. The
results were averaged and recorded as kernel density of each
38
sample.
Terminal velocity
Sixteen seeds of each sample were randomly collected
and measured by terminal velocity in an apparatus designed
and built by Mr. P. Dutta (Baudet, 1987). The method
consisted in placing the kernel in a vertical air stream and
adjusting the air flow variable transformer until the seed
remained suspended. The transformer dial positions were
calibrated against velocity meter readings for determining
terminal velocity.
Standard germination
The warm germination tests were performed by the Iowa
State University Seed Laboratory. The evaluations were made
according to the Rules for Testing Seeds (AOSA, 1986). The
germination percentages were averaged and recorded.
Cold test
Two sub-samples of 100 seeds were submitted to a cold
test according to procedures described in the Vigor Handbook
(AOSA, 1983).
Stress test
Four sub-samples were tested following the procedures
described in the Vigor Handbook (AOSA, 1983) .
Chemical composition
Two sub-samples of approximately 150 grams were ground
and then measured in a near infrared reflectance analyzer
39
(NIR). The results were averaged and recorded as the
protein and oil content of each sample.
Field Study
The experiment was conducted at the Iowa State
University Curtiss Farm. A randomized complete block
experimental design with four replications was used. Seeds
were planted on two dates (May 05 and 15, 1989) in rows of
5.03 m long and 1.52 m apart at a rate of 1 seed for each 5
cm spacing.
After maturity, when seeds dried in the field to about
14% moisture content, plants were cut, tied in bundles, and
stored in a ventilated shed. After moisture content
equalized among plants to approximately 8%, a plot thresher
was used to tresh seeds for yield evaluation. Results were
averaged in kilo per metric ton (K/ton), and reported as
yield 1 and yield 2, for first and second date of planting,
respectively.
Statistical Analysis
Data analysis was calculated by the Statistical
Analysis System (SAS) using a 3-way factorial experimental
design, with seed lots, replications, and steps in
conditioning as factors. Standard analysis of variance
procedures were used to analyze sources of variability in
the study (see Appendix A). Correlations between physical
40
and physiological properties were obtained by the "CORR"
procedure of the Statistical Analysis System.
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RESULTS AND DISCUSSION
Effect Due to Conditioning
Samples at various steps in conditioning were evaluated
in the laboratory according to percentage of shrivelled
seeds, bulk density (test weight), seed weight, seed volume,
terminal velocity, warm germination, cold test, stress test,
protein content, and oil content. In the field, samples
were evaluated according to seed yield.
The physical quality for all seed lots was greatly
improved by conditioning procedures (Table 6). For seed
lots 1, 2, and 4 the final sample contained a significantly
reduced percentage of shrivelled seeds (Tables 7, 8, 10).
Bulk density, seed weight, seed volume, and terminal
velocity were also significantly improved. Seed lots 3 and
5 also showed improvements in physical properties after
conditioning, but were not statistically significant at 0.05
level of confidence (Tables 9 and 11). This is due to the
higher initial quality of the soybean seeds of these seed
lots. Seed lot 3 had the highest initial value of bulk
density, seed weight, and seed volume (Table 1). Seed lot 5
had the lowest amount of shrivelled seeds to begin with and
had the highest value in terminal velocity (Table 1).
Kernel density did not show significant change at various
stages in conditioning for all seed lots. This is explained
42
Table 6. Physical quality improvement due to
conditioning
Seed lot
2 3
Shrivelled
seeds (%) -34.00 -25.00 -13.00 -12.00 -3.00
Bulk dens. 36.3 29.10 3.5 21.80 21.20
(K/m^)
Weight 3.29 2.71 1.29 4.16 4.63
(g/100
seeds)
Volume 2.60 2.09 1.44 2.76 3.83
(cmVlOO
seeds)
Kernel dens. 0.01 0.02 -0.03 0.04 0.00
(g/cm^)
Term. velo. 0.73 0.69 0.48 0.73 0.98
(m/s)
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by the high correlation between seed mass and seed volume
(The correlations among physical and physiological
properties are presented separately in a later section
titled "Overall Correlations between Physical and
Physiological Properties"). Viability (warm germination) of
initial and final samples indicated improvement due to
conditioning for all seed lots except for seed lot 5 (Table
12). Seed lot 5 had a reduction in germination after
conditioning which may be explained by the low moisture
(9.2%, Table 1) of the seed lot at the time of conditioning.
As shown in Tables 13 and 14, seed lot 1 and 2 had
significant increase in both viability and vigor (cold and
stress test). Seed lot 3 slightly decreased in vigor during
conditioning as measured by the stress test. This decrease,
however, was statistically insignificant (Table 15).
In this study, conditioning operations did not affect
protein and oil content of soybeans. A slight tendency
toward increase in oil content and decrease in protein was
noted; however, it was not statistically significant (see
Tables 13-17). The yields of the final samples were not
significantly different compared to initial samples (Tables
13-17).
Unusually high amounts of discards were recorded for
all seed lots (Table 18) except seed lot 5. Even with such
great amount of discards, all seed lots had 2-4% shrivelled
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Table 12, Change in physiological quality of seed lots
due to conditioning
Seed lot
2 3
Warm
germ.(%) 11.00 21.00 2.00 3.00 -5.00
Cold
test (%) 20.00 23.00 1.00 2.00 11.00
Stress
test (%) 9.00 15.00 -2.00 8.00 1.00
Protein
cont-(%) 0.02 -1.90 -0.31 -0,19 -0,17
Oil
cont,(%) 0-04 2.39 0.17 0-18 0.58
Yield 1 -0.14 0.59 0.17 0.22 0.07
(ton/ha)
Yield 2 0.23 0.33 -0.17 0.26 0.32
(ton/ha)
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Table 18. Percentage of discard from the air-screen
cleaner, spiral separator, and gravity table
Sample Seed lot
point 12 3 4
Air~screen
cleaner
CSl 10.60 18.63 2.00 7.69 4.42
CS2 22.24 1.08 2.76 10.77 2.43
CL 5.01 4.27 6.88 5.63 1.35
Spiral
separator
SD 8.23 9.00 10.31 20.67 1.86
Gravitv table
GD 19.23 26.05 18.60 17.63 14.58
Total 65.31 59.03 40.55 62.39 24.63
Table 19. Physical properties of each seed lot after
conditioning®
Seed
lot
Shrivel,
seed
(%)
Bulk
density
{K/in3)
Weight
(g/lOO
seeds)
Volume
(cm3/100
seeds)
Kernel
dens.
(g/m3)
Term,
velo.
(m/s)
1 4a 753.3b 15.31bc 12.26c 1.25a 9.59a
2 4a 753.0b 13.89c 11.41c 1.22ab 9.36a
3 3a 758.4a 17.46ab 14.67ab 1.19b 9.55a
4 4a. 745.2c 16-33bc 13.50bc 1.22ab 9.32a
5 2b 745-4C 20.21a 16.65a 1.21b 10.32a
LSD 1.40 4.72 2.89 2.40 0.04 1.32
"Means followed by the same letter in a column
are not statistically different (p <0.05) according to
the T-test.
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Warm
ger.
(%)
Cold
test
(%)
Stress
test
(%)
Protein
content
(%)
Oil
content
(%)
Yield 1
(ton/ha)
Yield 2
(ton/ha)
87a 66a 89a 36.92a 17.84c 1.62a 2.30a
75a 58a 69c 35.59b 18.58b 1.96a 2.61a
76a 53a 79b 35.04c 19.15b 1.71a 2 • 60a
lie. 22b 70c 34.58c 19.16b 1.78a 2.62a
70a 67a 78bc 33.17d 20.10a 2.20a 2.70a
17.10 17.98 8.64 0.54 0.99 0.99 0.62
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seeds after conditioning (Table 19).
Overall Correlations Between Physical
and Physiological Properties
Correlation coefficients among physical, among
physiological, and between physical and physiological
properties for the five seed lots are presented in Tables
20-22.
As shown in Table 20, the percent of shrivelled seeds
was negatively correlated with seed weight and seed volume
(-0,78, and -0.79, respectively). McDonald (1985) found
similar results and stated that plants under environmental
stress during filling period decrease their growth rate
producing small-sized soybean seeds.
Bulk density presented high positive correlations with
seed weight and seed volume (0.54, and 0.53, respectively).
Baudet (1987) working with seed corn, and Gregg (1969),
sorting cottonseed in a gravity table, found similar
relationships.
A very high correlation (0.99) between seed weight and
seed volume was found. These results are in agreement with
Gaul et al. (1986). This strong correlation explains the
lack of of variation of kernel density in all the samples
tested.
Terminal velocity had strong positive correlation with
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Table 20. Correlations among physical properties of
soybean seeds conditioned by the air-screen
cleaner, spiral separator, and gravity table
Bulk Weight Voliame Kernel Terminal
density density velocity
Shrivelled -0,69** -0.78** -0.79** 0.16 -0,73**
seeds
Bulk 0.54** 0.53** 0.01 0.63**
density
Weight 0.99** 0.10 0,90**
Volume 0.01 0.88**
Kernel 0.24
density
**p <0.01
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seed weight and seed volume (0.90, and 0.88, respectively).
Cundiff (1979) and Hawk et al. (1966) also found heavy and
large seeds associated with high terminal velocities.
Correlation coefficients among physiological properties
are presented in Table 21. Warm germination, cold test, and
stress test were positively correlated. Seed viability
(warm germination), and seed vigor (cold test, and stress
test) were found positively related with yield. Johnson and
Wax (1978) found the cold test to be an effective laboratory
evaluation to predict field performance of soybean seeds.
Protein content was negatively associated (-0.95) with
oil content. Hartwig and Hinson (1972) reported a similar
relationship between protein and oil percentages (-0.91).
Simpson and Wilcox (1983) found negative correlations,
ranging from -0.15 to -0.96, between protein and oil content
in soybean seeds.
Associations of protein content with the seed viability
(warm germination), vigor (cold, and stress test), and yield
had a negative trend, but in most cases were not
statistically significant.
Percentages of protein and yield were inversely
associated in this study which is supported by several other
investigators (Shannon et al., 1972; Hartwig and Hinson,
1972). But in contrast with our results, Shorter et al.
(1976) reported weak correlations, and in some soybean
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Table 21- Correlations among physiological properties
of soybean seeds conditioned by the air screen
cleaner, spiral separator, and gravity table
Cold
test
Stress
test
Protein
content
Oil
cont.
Yield
1
Yield
2
Warm
germ.
0.62** 0.9l" -0.10 0.30 0.69 0.81**
Cold
test
0.76" -0.28 0.42* 0.77** 0.75**
Stress
test
-0.10 0.28 0.67** 0.83
Protein
content
-0.95 -0.39** -0.21
Oil
content
0.50" 0. 39
Yield 1 0.78
*p < 0.05.
p < 0.01.
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crosses, positive relationships between protein content and
yield.
Associations between physical and physiological
properties are listed in Table 22. Correlations of
shrivelled seeds with warm germination, cold test, stress
test, oil content, and yield presented a negative trend.
Green et al. (1965) also found shrivelled soybean seeds
related to low germination and field emergence percentages.
Dornbos (1988) reported an inverse linear relationship
between environmental stress intensity and seed viability
and seed vigor.
Bulk density was positively related with the viability
(warm germination), and vigor (cold test, and stress test).
In addition, associations of bulk density and seed yield
were found highly positive, 0.72 (yield 1), and 0.81 (yield
2). Gregg (1969) reported correlations with bulk density
and some physiological properties which are in agreement
with our results.
Seed weight and seed volume were found positively
associated with warm germination, seed vigor, and yield.
These results are in agreement with Smith and Camper (1975).
Singh et al. (1972) reported a lack of relationship between
soybean seed size and field performance, which are in
disagreement with our results.
Terminal velocity was found to be a satisfactory
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indication of seed viability, seed vigor, and seed yield.
Smith et al. (1973), working with vegetable seeds, reported
similar results.
Optimization of Conditioning Equipment
Changes in physical and physiological properties at
various stages in conditioning are presented in Figures 3-
16. A higher percentage of shrivelled seeds was found in
the screening through screen l(CSl) of the air-screen
cleaner (Figure 3). This suggests the importance of a
proper screen selection. In this research, a sample of
uncleaned seeds from each seed lot was passed through a set
of round-hole and slotted screens. The analysis of the size
distribution of soybean seeds was used to define the
appropriate screen sizes for the air-screen cleaner. The
adjustment of the bottom air is also crucial, because
significant amounts of shrivelled seeds were removed by the
bottom air of the air-screen cleaner (see CL in Figure 3).
Screenings through screen 2(CS2) of the air-screen
cleaner were low in bulk density and contained a number of
shrivelled seeds which were small, light, and low in
viability and are best removed.
The air-screen cleaner was effective in removing
shrivelled seeds, inert material, as well as improving
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quality of clean seed. However, the air-screen cleaner
alone was not able to produce quality that is capable of
meeting commercial requirements. Large amounts of
shrivelled soybeans remained in seed lots 1 and 2 after the
air-screen cleaner, which will be objectionable from an
appearance standpoint alone for marketing purpose.
The screenings were also considerably low in weight
(Figure 5), volume (Figure 6), warm germination (Figure 9),
cold test (Figure 10), stress test (Figure 11), and yield
(Figures 14 and 15).
The spiral separator was found effective in removing a
significant portion of the remaining shrivelled seeds after
the air-screen cleaner (Figure 3). The challenge, however,
was to operate the spirals in such a manner so as to
minimize the discard of good seeds during the process. The
spiral separator used in this research has features to
control the amount of discard. The setting of the fingers
on the spiral flights, the slide gate at the discharge end,
and the feed rate were adjusted to remove a significant
portion of the shrivelled soybeans with minimum loss of good
seeds.
Following the spiral separator, the gravity table was
used to perform a finishing separation. The dividers at the
end of the gravity table deck were set in order to obtain
three fractions - gravity discard(GD), gravity middle(GM),
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and final(F). The fraction from the low discharge end of
the gravity table(GD) concentrated shrivelled soybeans
(Figure 3). In addition, these soybeans were smaller
(Figure 6), lighter (Figure 5), and lower in terminal
velocity (Figure 8) than seeds at the high discharge end(F).
Further, seeds at the low discharge end had lower seed
viability (Figure 9), seed vigor (Figure 10), and yield
(Figures 14 and 15). A consistent variation in bulk density
among the fractions of the gravity table was found. This
increase in bulk density from the low discharge end of the
gravity table to the high discharge end was also observed by
other researchers (Gaul et al., 1986; Baudet, 1987; and
Gregg, 1969).
No single conditioning machine was effective in
producing a sample of seed of sufficient germination and
appearance. The sum of improvements due to all conditioning
machines, however, was responsible for the overall final
seed quality.
The laboratory and field evaluations of the initial
samples demonstrate a natural significant heterogeneity
among seed lots; nevertheless, separation based on physical
properties produced great improvements in performance. Seed
lots were markedly improved by conditioning, but at the cost
of a large proportion of rejected seed.
Some practical observations were made during the
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conditioning of shrivelled soybeans and they are listed to
aid the conditioner in optimizing the operation.
1. The screens of the air-screen cleaner often got plugged
during cleaning. The conditioner can do several things to
alleviate the frustration of stopping the machine several
times during operation which include: a. Increase pitch of
the screen if a variable-pitch adjustment is available; b.
Increase the speed; c. Readjust brushes under the screen if
brushes are used; d. Insure that the balls have good bounce
if rubber balls are used under the screen; e. Use the screen
tappers.
2. Because of a large amount of discard during conditioning,
the discard conveyor or jump legs might have overloaded and
gotten plugged. The conditioner can reduce the feed rate to
solve this problem.
3. Because shrivelled soybeans do not flow well as normal
(round) soybeans, plug-ups may occur at any place where the
slope is not adequate and the conditioner must pay special
attention to the flow of product in gravity spouts and
spiral separators.
4. In this research, the gravity separator was often run
with a shallow seed depth on the deck. This reduced the
capacity of the machine, but was needed to assure maximum
removal of shrivelled soybeans with a minimum loss of good
seeds.
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SUMMARY AND CONCLUSIONS
The specific objectives of this study were :
1. To determine the effectiveness of conditioning equipment
in removing shrivelled seeds from soybean seed lots.
2. To determine changes in seed quality at various stages
in conditioning.
Five shrivelled soybean seed lots grown in different
locations in the state of Iowa were included in this study.
Each seed lot was divided into two sublets and were
conditioned through an air-screen cleaner, spiral separator,
and gravity table. Samples collected at various stages in
conditioning were analyzed for shrivelled seed percentage,
bulk density, seed weight, seed volume, kernel density,
terminal velocity, warm germination, cold test, stress test,
protein content, oil content, and yield.
The conclusions obtained from this study were:
1. The conditioning line, consisting of an air-screen
cleaner, spiral separator, and gravity table, was successful
in removing shrivelled seeds. The air-screen cleaner
removed about 50% of soybean shrivelled seeds. For seed
lots with high initial amounts of shrivelled seeds,
additional upgrading equipment was necessary. After the
air-screen cleaner, the spiral separator removed most of the
remaining shrivelled seeds. Following the spirals, the
gravity table was able to provide a finishing separation.
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2. The final product was distinctly improved in appearance
as well as in germination and vigor. However, the final
quality improvement after conditioning was obtained at the
cost of a high amount of rejected seeds.
а. Shrivelled seeds removed from soybean lots during
conditioning procedures were significantly low in seed
weight, seed volume, bulk density, and also had low
germination percentages and yield.
4. The air-screen cleaner and the gravity table were able to
produce significant improvements in seed quality- After the
air-screen cleaner, seeds were heavier, bigger, and better
in physiological properties (warm germination, cold test,
and stress test). In the gravity table a trend of increases
in weight, size, and bulk density was observed from the low
to the high discharge end. The spiral separator improved
the purity and appearance.
5. Conditioning machines were more effective for seed lots
with lower initial quality. Operation capacities needed to
be reduced to obtain optimum separation of shrivelled seeds
with minimum loss of good seeds.
б. Yield was not affected by differences in shrivelled
seeds among seed lots. However, this conclusion needs
careful consideration since it resulted from data of one
year only.
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APPENDIX A; TABLES FOR "ANALYISIS OF VARIANCE"
Table Al. Analysis of variance for physical and
physiological seed properties of seed lots
conditioned through an air-screen cleaner, spiral
separator, and gravity table
F values
Source of
variation d.f.
Shriv.
seeds
Bulk
density
Seed
weight
Seed
volume
Kernel
density
Seedlot 4 52.26" 8.79* 40.34" 66.86** 3.40
Rep 5 - - - - -
Steps 8 27. 61*** 5.46" 33.61*" 34.04 1.33
Seedlot*steps 32 7.97"* 10.29*** 2.86" 2.23 1.11
Rep*steps 40 9-85"* - 1.56 1.68* 1.31
• •* ***.
, , Significant at the 0.05, 0.01, and 0.0001
levels, respectively.
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F values
Term. Warm Cold Stress Prot. Oil
velo. germ. test test cont. cont. Yldl Yld2
8.19* 7.53* 19.93* 111.96***180. 3*** 141.25*** -
29.42 36.03 12.39 18.42 8.56 15.13 7.98 16.99
m ^ ^ ^ _ _ _*** _ , **• _ _ _ •* _ . -**•
1.68 2.69 9.85 8.49 3.12 5.46 — —
5.45*** 11,47*** 1.22 5.73*** - - - -
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APPENDIX B: DATA SET
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The legends associated with data set are as follows:
S: Seed lots
STP: Conditioning steps 12 3 456789
I CSl CS2 CL AC SD GD GM F
SHV: Shrivelled seeds (%)
BDEN: Bulk density (K/m^)
WGT: Seed weight (g/100 seeds)
VOL: Seed volume (cmVlOO seeds)
KDEN: Kernel density (g/cm^)
TVEL: Terminal velocity (m/s)
GER: Warm germination (%)
CLD: Cold test (%)
STS: Stress test (%)
PRO: Protein content (%)
OIL: Oil content (%)
YDl: Yield 1 (ton/ha)
YD2: Yield 2 (ton/ha)
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